Abstract
The genus Parapedobacter is one of the members of the family Sphingobacteriaceae [1] . At the time of writing, the genus includes six species with validly published names (www.bacterio.net). These are Parapedobacter koreensis, which was isolated from dried rice straw [1] , Parapedobacter soli, which was isolated from soil of a ginseng field [2] , Parapedobacter luteus [3] and Parapedobacter composti, which were isolated from cotton waste compost [3] , Parapedobacter pyrenivorans, which was isolated from a pyrenedegrading microbial enrichment [4] and Parapedobacter indicus, which was isolated from hexachlorocyclohexanecontaminated soil [5] . Members of the genus Parapedobacter are Gram-negative-staining, aerobic, non-motile, non-spore-forming rods. Oxidase and catalase are positive. Menaquinone MK-7 is the respiratory quinone. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The predominant polar lipids are phosphatidylethanolamine and a sphingolipid. The DNA G+C content is 45.4-50.1 mol% [4] . During a study of the stem endophytic bacterial diversity of Haloxylon ammodendron in Kumtag Desert, the fourth largest sand desert in the world, strain N5SSJ16
T was isolated. A polyphasic taxonomic approach was applied to identify strain N5SSJ16
T , and the results indicated that it represented a novel species of the genus Parapedobacter.
Stems of Haloxylon ammodendron were collected from Kumtag Desert, Xinjiang, China. Surface-sterilization of stems was used according to the modified method described by Zhang et al. [6] . Briefly, samples were washed with tap water, surface-sterilized with 70 % ethanol for 30 s and then immersed in 2.0 % sodium hypochlorite solution for 10-15 min, followed by rinsing with sterile distilled water for 3-4 times. To confirm that the sterilization process was successful, aliquots of the sterile distilled water used in the final rinse were set on NA medium plates (10 g peptone l
À1
, 3 g beef extract l
, 5 g NaCl l À1 and 15 g agar l
). Samples (1 g) of surface-sterilized stems were ground in a sterile mortar and serially diluted with sterile distilled water, and then incubated on NA medium plates and R 2 A agar (Difco) medium plates [7] at 30 C for 5-7 days. All strains were purified using the streak-plate method and identified by 16S rRNA gene sequence analysis. All strains were stored at À80 C as glycerol suspensions (25 %, v/v) and at 4 C in freeze-drying milk ampoules. In this study, strain N5SSJ16
T was detected as a representative of a potentially novel species.
N5SSJ16
T and the reference strains were cultivated on TSA (Difco) medium at 30 C. Cell morphology was observed by using light microscopy (OLYMPUS BX51) and transmission electron microscopy (Hitachi JEM-100SX). Gram staining was performed using a Gram-stain kit (HiMedia). The determination of motility, catalase and oxidase activity, and hydrolysis of casein and starch was performed using the methods described by Dong and Cai [8] . Other tests to determine biochemical characteristics were carried out by using API 20E strips, as described by the manufacturer's instructions (Biom erieux). Utilization of sole carbon, nitrogen and energy sources was determined using GN2 MicroPlates (Biolog). Growth was tested at various temperatures (4, 12, 16, 20, 30, 35, 37, 45 , 50 and 55 C) on TSA (Difco) medium. NaCl tolerance was tested in TSB medium supplemented with 0, 2.0, 3.0, 4.0 and 5.0 % (w/v) NaCl. For determination of the pH range for growth, strain N5SSJ16
T was cultured in TSB medium, after adjusting the pH (pH after autoclaving shown in parentheses) to pH 6.0 (5.96), 7.0 (6.95), 8.0 (7.92), 9.0 (8.82) or 10.0 (9.57) with saturated solutions of sodium carbonate and sodium dihydrogen phosphate. The pH range for growth of P. composti 4M40 T and P. luteus 4M29 T was tested in parallel with that of strain N5SSJ16
T [9] . Cell growth was determined by measuring the optical density (OD 600 ). The colonies of strain N5SSJ16
T were circular with regular margins, convex, yellow and opaque. Cells of strain N5SSJ16 T were Gram-negative-staining, non-motile, rod-shaped (0.7-1.5 µm long, 0.2-0.3 µm wide). The strain grew in the presence of 0-4 % (w/v) NaCl (optimum growth in the absence of NaCl), at pH 7.0-9.0 (optimum: pH 8.0) and at 12-50 C (optimum: 30 C). Oxidase activity was weakly positive, which was different from other reported strains belonging to the genus Parapedobacter. Nitrate was not reduced. Starch and casein werenot hydrolysed. b-Galactosidase, aesculin hydrolysis and indole production were positive, but glucose fermentation was negative. Differential characteristics between strain N5SSJ16
T and the type strains of recognized species of the genus Parapedobacter are shown in Table 1 .
To analyse quinones and polar lipids, cells of N5SSJ16 T were grown on TSB medium (Difco) at 30 C for 48-72 h and harvested. The quinones of the strain were first extracted from freezed-dried cells (200 mg) with chloroform/methanol (2 : 1, v/v) and then separated from other components by TLC [10, 11] . The purified isoprenoid quinones were analysed by using reversed-phase HPLC with a Zobax ODS C18 column (250Â4.6 mm; Agilent) and a UV detector at 270 nm [12] . The respiratory quinone of N5SSJ16
T was MK-7 (100 %), similar to members of the genus Parapedobacter. The major polar lipids were analysed following the polar lipid extraction procedure (Minnikin et al., [10] ) and tested by two-dimensional TLC. Major polar lipids present in strain N5SSJ16
T were phosphatidylethanolamine, unidentified aminophospholipid and two unknown lipids (Fig. S1 , available in the online Supplementary Material). The polar lipid profile of strain N5SSJ16 T was compared with those of members of the genus Parapedobacter (Table 1) .
For the analysis of cellular fatty acids, cells of strain N5SSJ16
T were grown on TSA (Difco) medium at 30 C for 48 h and harvested, and cells of the type strains P. composti 4M40 T and P. luteus 4M29 T used in this study were collected at a similar growth stage. Fatty acid methyl esters were separated according to the method of Sasser [13] and then were analysed by the Sherlock Microbial Identification System (TSBA version 6.0 library) with the standard MIS Library Generation Software (Microbial ID) according to the manufacturer's instructions. The major cellular fatty acids of N5SSJ16 T were iso-C 15 : 0 (53.2 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (20.9 %), summed feature 9 (C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c) (10.0 %) and iso-C 17 : 0 3-OH (4.2 %). The content of iso-C 15 : 1 G was less than 1 % in strain N5SSJ16
T , which was lower than in P. composti 4M40 T and P. luteus 4M29 T . In contrast, iso-C 11 : 0 and anteiso-C 15 : 0 were found in strain N5SSJ16
T , but not detected or present as less than 1 % in strains P. composti 4M40 T and P. luteus 4M29 T . Table 2 shows details of the cellular fatty acid profiles of strain N5SSJ16
T and the type strains of closely related species of the genus Parapedobacter.
A Genomic DNA kit (OMEGA) was used to extract genomic DNA of strain N5SSJ16
T , and a fragment of the 16S rRNA gene was amplified using universal primers 27F and 1492R according to the method of Lane et al. [14] ; the EzTaxon database (http://www.ezbiocloud.net/eztaxon) [15] was used to analyse the similarity of 16S rRNA gene sequences of strain N5SSJ16
T to those of related species. The 16S rRNA gene sequence of the six strains studied and those of other species retrieved from Genbank were aligned using the program CLUSTALX v1.8 [16] , and positions with insertions or deletions were excluded from calculations. The sequence of Bacteroides caccae ATCC 43185 T was used as an outgroup. Strain N5SSJ16
T showed the highest 16S rRNA gene sequence similarity to P. composti 4M40 T (96.5 %), followed by P. luteus 4M29 T (95.9 %), P. pyrenivorans P-4 T (95.2 %), P. soli DCY14 T (94.8 %), P. koreensis Jip14 T (94.4 %) and P. indicus RK1 T (93.9 %). A distance matrix method (with distance options according to Kimura's two-parameter model [17] ) and complete deletion options, including clustering using neighbour-joining [18] and maximum-likelihood [19] from the MEGA 6 software [20] was used to infer the phylogenetic evolutionary trees. The maximum-likelihood heuristic search option was nearest-neighbour-Interchange (NNI), and the rates among sites were Gamma distributed with Invariant sites (G+I). To estimate reliability of the phylogenetic trees, bootstrap values based on 1000 iterations were determined [21] . In the neighbour-joining phylogenetic tree (Fig. 1) , the novel strain N5SSJ16
T fell in a clade with strains 4M40 T and 4M29
T , and clustered with the genus Parapedobacter with 100 % bootstrap support. This topology was also recovered in the maximum-likelihood tree (Fig. S2) .
In order to detect the DNA G+C content of N5SSJ16 T , genomic DNA was prepared according to a previously described method [22] and the purity was checked by spectrophotometer. The DNA G+C content was determined by the thermal denaturation method according to the method of Marmur and Doty [23] with a Beckman DU 800 spectrophotometer (Beckman Coulter), and Escherichia coli K-12 was used as a reference strain. The DNA G+C content of N5SSJ16
T was 45.8 mol%, within the range reported for the members of the genus Parapedobacter (45.4-50.1 mol%) [4] .
On the basis of results obtained in this study, strain N5SSJ16
T is a member of the genus Parapedobacter, but genotypically and phenotypically distinct from recognized species, and represents a novel species of the genus Parapedobacter, for which the name Parapedobacter deserti sp. nov is proposed.
DESCRIPTION OF PARAPEDOBACTER DESERTI SP. NOV.
Parapedobacter deserti (de.ser¢ti. L. gen. n. deserti of a desert, the source of the type strain). Cells are aerobic, Gram-negative-staining, rod-shaped, nonmotile and 0.2-0.3Â0.7-1.5 µm. On TSA agar, colonies are circular with regular margins, convex, yellow and opaque. Growth occurs at 12-50 C, at pH 7-9 and in the presence of 0-4 % NaCl, with optimal growth at pH 7 and in the absence of NaCl. Catalase-positive and weakly oxidase-positive. Nitrate is not reduced. Starch and casein are not hydrolysed. Positive for b-galactosidase, aesculin hydrolysis and indole production, but negative for glucose fermentation, arginine dihydrolase and urease activities, and gelatin hydrolysis. T among species of genera within the family Halomonadaceae. The sequence of Bacteroides caccae ATCC 43185 T was used as an outgroup. Bootstrap percentages (based on 1000 replications) >50 % are shown at branching points. Bar, 0.02 nucleotide substitutions per site.
